f 



(19) 



J 



Europe isches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 025 806 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

09.08.2000 Bulletin 2000/32 

(21) Application number: 99300882.0 

(22) Date of filing: 08.02.1999 



(51) mt ci 7: A61B 17/32, B06B 1/02 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


* Kellogg, Scott 


MC NL PT SE 


Quincy, MA 02170 (US) 


Designated Extension States: 


• Alam, Stephen J. 


AL LT LV MK RO SI 


North Attleboro, Massachusetts 02760 (US) 


(71) Applicant: ETHICON ENDO-SURGERY, INC. 


(74) Representative: Mercer, Christopher Paul et al 


Cincinnati, OH 45242-2839 (US) 


Carpmaels & Ransford 




43, Bloomsbury Square 




London WC1A 2RA (GB) 



(54) Ultrasonic generator with supervisory control circuitry 



(57) A generator of ultrasonic signals for a transduc- 
er which incorporates at least a phase lock loop feed- 
back system for purposes of maintaining the output fre- 
quency between first and second voltage values also 
incorporates supervisory control circuitry for monitoring 
whether or not the generator and the transducer contin- 
ue to operate in a resonant condition. In the event that 
the generator and transducer fail to stay in a resonant 
condition, the supervisory circuitry will super-impose a 



control voltage on the phase lock loop feedback path for 
the purpose of restoring the generator and the transduc- 
er to a resonant condition. To reduce the time to return 
to resonance, a representation of the last resonant fre- 
quency can be stored by the supervisory circuitry. When 
a loss of resonance is detected, the p restored value can 
be retreived and superimposed on the phase lock loop 
feedback circuit for purposes of more quickly restoring 
the generator and the transducer to resonance. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention pertains to a system and method 
for generating ultrasonic signals for use in energizing a 
transducer assembly at a resonant frequency. More par- 
ticularly, the invention pertains to an ultrasonic genera- 
tor which incorporates a phase lock frequency control 
loop and which further incorporates supervisory circuitry 
to automatically detect a non-resonant condition and to 
re-establish resonance. 

BACKGROUND OF THE INVENTION 

[0002] Ultrasonic surgical systems which can be used 
for the purpose of carrying out surgical functions, such 
as cutting or coagulating, are known. Such systems usu- 
ally incorporate a generator that produces electrical sig- 
nals which excite a transducer assembly mounted in a 
handpiece assembly. 

[0003] The transducer assembly is usually coupled to 
a transmission component, such as an end effector, for 
carrying out a desired function. The transmission com- 
ponent coupled to the transducer assembly can be of 
varying lengths. 

[0004] As the transmission component is subjected to 
varying environmental conditions, temperature charac- 
teristics may vary with the result that a given generator 
may function at suboptimal operating conditions. Fur- 
ther, as the length of the transmission component cou- 
pled to the transducer is increased, additional undesir- 
able oscillatory nodes may occur along the transmission 
component. 

[0005] There continues to be a need for generators 
which will function when transmission components are 
exposed to substantially temperature invariant charac- 
teristics over time and will also control undesirable os- 
cillatory motion. 

SUMMARY OF THE INVENTION 

[0006] The devices and method in accordance with 
the present invention increase the performance of ultra- 
sonic surgical systems. The device and methods are ca- 
pable of driving longer ultrasonic transmission compo- 
nents and can drive transmission components that have 
different fundamental frequencies. 
[0007] One device in accordance with the present in- 
vention includes a generator that incorporates a voltage 
controlled oscillator in combination with a feedback loop 
which controls the output frequency of the oscillator in 
a normal operational mode along with a supervisory 
control circuit. The supervisory control circuit is adapted 
to detect, in one embodiment, an undesired operational 
mode and, in response thereto, to apply a supervisory 
and overriding control signal to the oscillator for the pur- 
pose of restoring a predetermined phase condition. 



When the normal operational mode has been restored, 
the supervisory control circuit disconnects or isolates it- 
self from the remaining circuitry thereby enabling the 
feedback loop to regain control the output of the oscil- 
5 lator. 

[0008] For example, when the generator is intended 
to drive an ultrasonic transducer at a resonant frequen- 
cy, a normal operational mode would correspond to op- 
erating in a resonant condition. An undesired condition, 
10 in this instance would be indicated by a loss of reso- 
nance. 

[0009] In one aspect of the present invention, the su- 
pervisory control circuitry includes a sensor circuit for 
detecting an electrical parameter of the feedback signal, 

'5 such as, for example, phase. The sensor circuit is in turn 
coupled to control circuitry. The control circuitry incor- 
porates an enable output and a magnitude output. 
[0010] In response to sensing a loss of a predeter- 
mined phase condition in the oscillator, an enable signal 

20 js provided by the control unit. This signal in turn couples 
the magnitude output to a voltage controlled oscillator. 
The magnitude output provided by the supervisory con- 
trot circuitry in turn supersedes feedback signals from 
the feedback loop with a supervisory control value or 

2S values. 

[0011] The superimposed control value can be used 
to re-establish resonance. In one embodiment, the su- 
pervisory control circuitry can set the magnitude of the 
output control value to one which corresponds to a feed- 
so back signal for the most recent resonant frequency con- 
dition. The magnitude of the control value can then be 
varied to re-establish resonance. 
[0012] Once resonance has been re-established, the 
control circuitry automatically isolates itself from the 
35 feedback control loop which then maintains the output 
frequency of the oscillator at the resonant value. 
[001 3] The present invention makes it possible to pro- 
vide electrical signals to and to drive transducers and 
associated mechanical systems without locking onto 
40 undesirable, non-fundamental modes of vibration. Fur- 
ther, acquisition time to establish resonance can be re- 
duced by starting from output control magnitudes corre- 
sponding to a known resonant frequency thereby reduc- 
ing the range of frequencies which must be transversed 
45 before a resonant condition is again established. 

[0014] In another aspect, the control circuitry can in- 
corporate a digital-to-analog converter which provides 
analog control signals. The digital-to-analog converter 
can be used as a form of a programmable frequency 
so generator for the purpose of identifying acoustic sys- 
tems with unique resonance profiles. Additionally, this 
circuitry can be used as a sweep generator for valuating 
acoustic system performance. Finally, the control cir- 
cuitry, including the digital-to-analog converter circuitry 
£5 can be used to provide a form of electronic brake to the 
associated acoustic system by interrupting resonance 
when it is necessary to immediately reduce or stop 
transducer motion. 
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[0015] Numerous other advantages and features of 
the present invention will become readily apparent from 
the following detailed description of the invention and 
the embodiments thereof, from the claims and from the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

FIG. 1 is a fragmentary view and in partial cross- 
section of an embodiment of an ultrasonic system; 
FIG. 2 is ia block diagram of a generator usable with 
the system of FIG. 1; 

FIG. 3 is a block diagram of a generator which in- 
corporates supervisory control circuitry; 
FIG. 3A is a schematic diagram of various compo- 
nents of the generator of FIG. 3; 
FIGS. 4A and 4B are a schematic diagram of vari- 
ous components of the generator of FIG. 3; and 
FIG. 5 is a flow diagram of a control method imple- 
mentable by the generator of FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] While the present invention is susceptible of 
embodiment in many different forms, there are shown 
in the drawings and will be described herein in detail 
specific embodiments thereof with the understanding 
that the present disclosure is to be considered as an ex- 
emplification of the principles of the invention and is not 
intended to limit the invention to the specific embodi- 
ments illustrated. 

[0018] FIG. 1 illustrates a surgical system 10. The sur- 
gical system 10 generally includes a generator 30, a 
handpiece assembly 50, and an acoustic or transmis- 
sion assembly 80. The generator 30 sends an electrical 
signal through a cable 32 at a selected amplitude, fre- 
quency, and phase determined by a control system of 
the generator 30. As will be further described, the signal 
causes one or more piezoelectric elements of the 
acoustic assembly 80 to expand and contract, thereby 
converting the electrical energy into mechanical motion. 
The mechanical motion results in longitudinal waves of 
ultrasonic energy that propagate through the acoustic 
assembly 80 in an acoustic standing wave to vibrate the 
acoustic assembly 80 at a selected frequency and am- 
plitude. 

[0019] An end effector 88 at the distal end of the 
acoustic assembly 80 is placed in contact with tissue of 
the patient to transfer the ultrasonic energy to the tissue. 
The cells of the tissue in contact with the end effector 
88 of the acoustic assembly 80 will move with the end 
effector 88 and vibrate. 

[0020] As the end effector 88 couples with the tissue, 
thermal energy or heat is generated as a result of inter- 
nal cellular friction within the tissue. The heat is sufficient 



to break protein hydrogen bonds, causing the highly 
structured protein (i.e., collagen and muscle protein) to 
denature (i.e., become less organized). As the proteins 
are denatured, a sticky coagulum forms to seal or coag- 
s ulate small blood vessels when the coagulum is below 
100°C. Deep coagulation of larger blood vessels results 
when the effect is prolonged. 
[0021] The transfer of the ultrasonic energy to the tis- 
sue causes other effects including mechanical tearing, 
cutting, cavitation cell disruption, and emulsification. 
The amount of cutting as well as the degree of coagu- 
lation obtained varies with the vibrational amplitude of 
the end effector 88, the amount of pressure applied by 
the user, and the sharpness of the end effector 88. The 
end effector 88 of the acoustic assembly 80 in the sur- 
gical system 1 0 tends to focus the vibrational energy of 
the system 1 0 onto tissue in contact with the end effector 
88, intensifying and localizing thermal and mechanical 
energy delivery. 

[0022] As illustrated in FIG. 1, the generator 30 in- 
cludes a control system integral to the generator 30, a 
power switch 34, and a triggering mechanism 36. The 
power switch 34 controls the electrical power to the gen- 
erator 30, and when activated by the triggering mecha- 
nism 36, the generator 30 provides energy to drive the 
acoustic assembly 80 of the surgical system 10 at a pre- 
determined frequency and to drive the end effector 88 
at a predetermined vibrational amplitude level. The gen- 
erator 30 may drive or excite the acoustic assembly 80 
at any suitable resonant frequency of the acoustic as- 
sembly 80. 

[0023] When the generator 30 is activated via the trig- 
gering mechanism 36, electrical energy is continuously 
applied by the generator 30 to a transducer assembly 
82 of the acoustic assembly 80. A phase lock loop in the 
control system of the generator 30 monitors feedback 
from the acoustic assembly 80. The phase lock loop ad- 
justs the frequency of the electrical energy sent by the 
generator 30 to match a preselected harmonic frequen- 
cy of the acoustic assembly 80. In addition, a second 
feedback loop in the control system maintains the elec- 
trical current supplied to the acoustic assembly 80 at a 
preselected constant level in order to achieve substan- 
tially constant vibrational amplitude at the end effector 
88 of the acoustic assembly 80. 
[0024] The electrical signal supplied to the acoustic 
assembly 80 wilt cause the distal end to vibrate longitu- 
dinally in the range of, for example, approximately 20 
kHz to 1 00 kHz, and preferably in the range of about 54 
kHz to 56 kHz, and most preferably at about 55.5 kHz. 
The amplitude of the acoustic vibrations at the end ef- 
fector 88 may be controlled by, for example, controlling 
the amplitude of the electrical signal applied to the trans- 
ducer assembly 82 of the acoustic assembly 80 by the 
generator 30. 

[0025] As noted above, the triggering mechanism 36 
of the generator 30 allows a user to activate the gener- 
ator 30 so that electrical energy may be continuously 
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supplied to the acoustic assembly 80. In one embodi- 
ment, the triggering mechanism 36 preferably compris- 
es a foot activating switch that is detachably coupled or 
attached to the generator 30 by a cable or cord. In an- 
other embodiment, a hand switch may be incorporated 
in the handpiece assembly 50 to allow the generator 30 
to be activated by a user. 

[0026] The generator 30 also has a power line 38 for 
insertion in an etectrosurgical unit or conventional elec- 
trical outlet. It is contemplated that the generator 30 may 
also be powered by a direct current (DC) source, such 
as a battery. 

[0027] Referring still to FIG. 1 , the handpiece assem- 
bly 50 includes a multi-piece housing or outer casing 52 
adapted to isolate the operator from the vibrations of the 
acoustic assembly 80. The housing 52 is preferably cy- 
lindrically shaped and is adapted to be held by a user in 
a conventional manner, but may be any suitable shape 
and size which allows it to be grasped by the user. While 
a multi-piece housing 52 is illustrated, the housing 52 
may comprise a single or unitary component. 
[0028] The housing 52 of the handpiece assembly 50 
is preferably constructed from a durable plastic, such as 
Uttem®. It is also contemplated that the housing 52 may 
be made from a variety of materials including other plas- 
tics (i.e. high impact polystyrene or polypropylene). A 
suitable handpiece assembly 50 is Model No. HP050, 
available from Ethicon Endo-Surgery, Inc. 
[0029] The handpiece assembly 50 generally in- 
cludes a proximal end 54, a distal end 56, and centrally 
disposed axial opening or cavity 58 extending longitudi- 
nally therein. The distal end 56 of the handpiece assem- 
bly 50 includes an opening 60 configured to allow the 
acoustic assembly 80 of the surgical system 10 to ex- 
tend therethrough, and the proximal end 54 of the hand- 
piece assembly 50 is coupled to the generator 30 by a 
cable 32. The cable 32 may include ducts or vents 62 
to allow air to be introduced into the handpiece assem- 
bly 50 to cool the transducer assembly 82 of the acoustic 
assembly 80. 

[0030] Referring still to FIG. 1 , the acoustic assembly 
80 generally includes a transducer stack or assembly 
82 and a transmission component or working member. 
The transmission component may include a mounting 
device 84, a transmission rod or waveguide 86, and an 
end effector or applicator 88. The transducer assembly 
82, mounting device 84, transmission rod 86, and the 
end effector 88 are preferably acoustically tuned such 
that the length of each component is an integral number 
of one-half system wavelengths (nX/2) where the sys- 
tem wavelength X is the wavelength of a preselected or 
operating longitudinal vibration frequency f of the acous- 
tic assembly 80. It is also contemplated that the acoustic 
assembly 80 may incorporate any suitable arrangement 
of acoustic elements. For example, the acoustic assem- 
bly 80 may comprise a transducer assembly and an end 
effector (i.e., the acoustic assembly 80 may be config- 
ured without a mounting device and a transmission rod). 



[0031] The transducer assembly 82 of the acoustic 
assembly 80 converts the electrical signal from the gen- 
erator 30 into mechanical energy that results in longitu- 
dinal vibratory motion of the end effector 88 at ultrasonic 

s frequencies. When the acoustic assembly 80 is ener- 
gized, a vibratory motion standing wave is generated 
through the acoustic assembly 80. The amplitude of the 
vibratory motion at any point along the acoustic assem- 
bly 80 depends on the location along the acoustic as- 

10 sembly 80 at which the vibratory motion is measured. A 
minimum or zero crossing in the vibratory motion stand- 
ing wave is generally referred to as a node (i.e., where 
axial motion is usually minimal and radial motion is usu- 
ally small), and an absolute value maximum or peak in 

is the standing wave is generally referred to as an an tin- 
ode. The distance between an antinode and its nearest 
node is one-quarter wavelength (A/4). 
[0032] As shown in FIG. 1 , the transducer assembly 
82 of the acoustic assembly 80, which is known as a 

20 "Langevin stack', generally includes a transduction por- 
tion 90, a first resonator 92, and a second resonator 94. 
The transducer assembly 82 is preferably an integral 
number of one-half system wavelengths (ri)J2) in length. 
It is to be understood that the present invention may be 

25 alternatively configured to include a transducer assem- 
bly comprising a magnetostrictive, electromagnetic or 
electrostatic transducer. 

[0033] The distal end of the first resonator 92 is con- 
nected to the proximal end of transduction section 90, 

30 and the proximal end of the second resonator 94 is con- 
nected to the distal end of transduction portion 90. The 
first and second resonators 92 and 94 are preferably 
fabricated from titanium, aluminum, steel, or any other 
suitable material. The first and second resonators 92 

35 and 94 have a length determined by a number of varia- 
bles, including the thickness of the transduction section 
90, the density and modulas of elasticity of material used 
in the resonators 92 and 94, and the fundamental fre- 
quency of the transducer assembly 82. The second res- 

40 onator 94 may be tapered inwardly from its proximal end 
to its distal end to amplify the ultrasonic vibration ampli- 
tude. 

[0034] The transduction portion 90 of the transducer 
assembly 82 preferably comprises a piezoelectric sec- 

45 tion of alternating positive electrodes 96 and negative 
electrodes 98, with piezoelectric elements 100 alternat- 
ing between the electrodes 96 and 98. The piezoelectric 
elements 100 may be fabricated from any suitable ma- 
terial, such as, for example, lead zirconate-titanate, lead 

so meta-niobate, lead titanate, or other ceramic crystal ma- 
terial. Each of the positive electrodes 96, negative elec- 
trodes 98, and piezoelectric elements 100 may have a 
bore extending through the center. The positive and 
negative electrodes 96 and 98 are electrically coupled 

55 to a wires 1 02 and 1 04, respectfully. Wires 1 02 and 1 04 
transmit electrical signal from the generator 30 to elec- 
trodes 96 and 98. 

[0035] As illustrated in FIG. 1, the piezoelectric ele- 
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ments 1 00 are held in compression between the first and 
second resonators 92 and 94 by a bolt 1 06. The bolt 1 06 
preferably has a head, a shank, and a threaded distal 
end. The bolt 106 is inserted from the proximal end of 
the first resonator 92 through the bores of the first res- 
onator 92, the electrodes 96 and 98, and piezoelectric 
elements 100. The threaded distal end of the bolt 106 
is screwed into a threaded bore in the proximal end of 
second resonator 94. 

[0036] The piezoelectric elements 100 are energized 
in response to the electrical signal supplied from the 
generator 30 to produce an acoustic standing wave in 
the acoustic assembly 80. The electrical signal causes 
disturbances in the piezoelectric elements 100 in the 
form of repeated small displacements resulting in large 
compression forces within the material. The repeated 
small displacements cause the piezoelectric elements 
100 to expand and contract in a continuous manner 
along the axis of the voltage gradient, producing high 
frequency longitudinal waves of ultrasonic energy. The 
ultrasonic energy is transmitted through the acoustic as- 
sembly 80 to the end effector 88. 
[0037] The mounting device 84 of the acoustic as- 
sembly 80 has a proximal end, a distal end, and may 
have a length substantially equal to an integral number 
of one-half system wavelengths. The proximal end of 
the mounting device 84 is preferably axially aligned and 
coupled to the distal end of the second resonator 94 by 
an internal threaded connection near an antinode. (For 
purposes of this disclosure, the term "near" is defined 
as "exactly at" or "in close proximity to 1 .) It is also con- 
templated that the mounting device 84 may be attached 
to the second resonator 94 by any suitable means, and 
that the second resonator 94 and mounting device 84 
may be formed as a single or unitary component. 
[0038] The mounting device 84 is coupled to the hous- 
ing 52 of the handpiece assembly 50 near a node. The 
mounting device 84 may also include an integral ring 
108 disposed around its periphery. The integral ring 108 
is preferably disposed in an annular groove 110 formed 
in the housing 52 of the handpiece assembly 50 to cou- 
ple the mounting device 84 to the housing 52. A compli- 
ant member or material 112, such as a pair of silicone 
O-rings attached by stand-offs, may be placed between 
the annular groove 110 of the housing 52, and the inte- 
gral ring 1 08 of the mounting device 84 to reduce or pre- 
vent ultrasonic vibration from being transmitted from the 
mounting device 84 to the housing 52. 
[0039] The mounting device 84 may be secured in a 
predetermined axial position by a plurality of pins 114, 
preferably four. The pins 114 are disposed in a longitu- 
dinal direction 90 degrees apart from each other around 
the outer periphery of the mounting device 84. The pins 
1 1 4 are coupled to the housing 52 of the handpiece as- 
sembly 50 and are disposed through notches in the in- 
tegral ring 108 of the mounting device 84. The pins 114 
are preferably fabricated from stainless steel. 
[0040] The mounting device 84 is preferably config- 



ured to amplify the ultrasonic vibration amplitude that is 
transmitted through the acoustic assembly 80 to the dis- 
tal end of the end effector 88. In one preferred embod- 
iment, the mounting device 84 comprises a solid, ta- 
s pered horn. As ultrasonic energy is transmitted through 
the mounting device 84, the velocity of the acoustic 
wave transmitted through the mounting device 84 is am- 
plified. It is contemplated that the mounting device 84 
may be any suitable shape, such as, for example, a 
stepped horn, a conical horn, an exponential horn, a uni- 
tary gain horn or the like. 

[0041] The distal end of the mounting device 84 may 
be coupled to the proximal end of the transmission rod 
86 by an internal threaded connection. It is contemplat- 
ed that the transmission rod 86 be attached to the 
mounting device 84 by any suitable means. The mount- 
ing device 84 is preferably coupled to the transmission 
rod 86 near an antinode. 

[0042] The transmission rod 86 may, for example, 
have a length substantially equal to an integral number 
of one-half system wavelengths (nA/2). The transmis- 
sion rod 86 is preferably fabricated from a solid core 
shaft constructed out of material which propagates ul- 
trasonic energy efficiently, such as titanium alloy (i.e., 
Ti-6AI-4V) or an aluminum alloy. It is contemplated that 
the transmission rod 86 may be fabricated from any oth- 
er suitable material. The transmission rod 86 may also 
amplify the mechanical vibrations transmitted through 
the transmission rod 86 to the end effector 88 as is well 
known in the art. 

[0043] As illustrated in FIG. 1 , the transmission rod 86 
includes stabilizing silicone rings or compliant supports 
1 1 6 positioned at a plurality of nodes. The silicone rings 
116 dampen undesirable vibration and isolate the ultra- 
sonic energy from a tubular member of a removable 
sheath 120 assuring the flow of ultrasonic energy in a 
longitudinal direction to the distal end of the end effector 
88 with maximum efficiency. 

[0044] As shown in FIG. 1 , the removable sheath 1 20 
is coupled to the distal end 56 of the handpiece assem- 
bly 50. The sheath 120 generally includes an adapter or 
nose cone 122 and an elongated tubular member 124. 
The tubular member 1 24 is attached to the adapter 1 22 
and has an opening extending longitudinally there- 
through. The sheath 120 may be threaded or snapped 
onto the distal end of the housing 52. The transmission 
rod 86 of the acoustic assembly 80 extends through the 
opening of the tubular member 124 and the silicone 
rings 116 isolate the transmission rod 86 from the tubu- 
lar member 124. The adapter 122 of the sheath 120 is 
preferably constructed from Ultem®, and the tubular 
member 124 is fabricated from stainless steel. Alterna- 
tively, the transmission rod 86 may have polymeric ma- 
terial that surrounds the transmission rod 86 to isolate 
it from outside contact. 

[0045] The distal end of the transmission rod 86 may 
be coupled to the proximal end of the end effector 88 by 
an internal threaded connection, preferably near an an- 
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tinode. It is contemplated that the end effector 68 may 
be attached to the transmission rod 86 by any suitable 
means, such as a welded joint or the like. Although the 
end effector 88 may be detachable from the transmis- 
sion rod 86, it is also contemplated that the end effector 
88 and transmission rod 86 may be formed as a single 
unit. 

[0046] The end effector 88 may have a distal region 
88b having a smaller cross-section area than a proximal 
region 88a thereof, thereby forming a vibrational ampli- 
tude step-up junction. The step-up junction acts as ve- 
locity transformer as known in the art, increasing the 
magnitude of the ultrasonic vibration transmitted from 
the proximal region 88a to the distal region 88b of the 
end effector 88. 

[0047] The end effector 88 preferably has a length 
substantially equal to an integral multiple of one-half 
system wavelengths (nA/2). The end effector 88 is dis- 
posed at an antinode in order to produce the maximum 
longitudinal deflection of the distal end. When the trans- 
ducer assembly 82 is energized, the distal end of the 
end effector 88 is configured to move longitudinally in 
the range of, for example, approximately 10 to 500 mi- 
crons peak-to-peak, and preferably in the range of about 
30 to 100 microns at a predetermined vibrational fre- 
quency, and most preferably at about 90 microns. 
[0048] The end effector 88 is preferably made from a 
solid core shaft constructed of material which propa- 
gates ultrasonic energy, such as a titanium alloy (i.e., 
Ti-6AI-4V) or an aluminum alloy. It is contemplated that 
the end effector 88 may be fabricated from any other 
suitable material. It is also contemplated that the end 
effector 88 may have a surface treatment to improve the 
delivery of energy and desired tissue effect. For exam- 
ple, the end effector 88 may be micro-finished, coated, 
plated, etched, grit-blasted, roughened or scored to en- 
hance coagulation in tissue or to reduce adherence of 
tissue and blood to the end effector. Additionally, the end 
effector 88 may be sharpened or shaped to enhance its 
energy transmission characteristics. For example, the 
end effector 88 may be blade shaped, hook shaped, or 
ball shaped. 

[0049] The block diagram of FIG. 2 illustrates an ex- 
emplary generator 30 of the surgical system 10. The 
generator 30 includes a processor 30-1 , such as, for ex- 
ample, a programmed microprocessor which may, for 
example, be a Motorola model number 68HC11. The 
processor 30-1 is programmed to monitor appropriate 
power parameters and vibratory frequency as well as 
providing an appropriate power level in various operat- 
ing modes. 

[0050] The generator of the type illustrated in the 
block diagram of FIG. 2 is disclosed and described in U. 
S. Patent 5,026,387 ("the '387 patent 8 ) entitled 'Method 
and Apparatus for Ultrasonic Surgical Cutting and He- 
mostasis". The '387 patent is assigned to the Assignee 
of the present application and is incorporated herein by 
reference. 



[0051] Manually operable controls 30-2 are provided 
for the purpose of enabling an operator to adjust the 
power level to be applied to the transducer assembly 
when operating. Hence, simultaneous cutting and small 
5 vessel coagulation of a predetermined level can be ob- 
tained whenever the end effector 88 is in contact with 
tissue. 

[0052] The generator 30 includes a power output 
switch 30-3 which is in turn coupled to a matching net- 

10 work 30-4. In operation, the power switch 30-3 supplies 
electrical energy to the handpiece assembly 50 by way 
of a matching network 30-4 and an isolation transformer 
30-4a. Feedback from the handpiece assembly 50, and 
the transducer assembly therein, is coupled via amplifier 

is 30-5 to a phase detector 30-6. 

[0053] Output from the phase detector 30-6 is fed to 
an input port of a voltage controlled oscillator 30-7. The 
voltage controlled oscillator 30-7 generates a variable 
frequency output signal on the line 30-8. 

20 [0054] The signal on the fine 30-8 can be divided in a 
divide by a four counter or network 30-9. The divided 
variable frequency signal is then provided on a line 
30-10 as an input to the power switch 30-3, previously 
discussed. A delay element 30-11 provides a delay sig- 

25 nal to the phase detector 30-6. A power control unit 
30-12 is coupled between the processor 30-1 and the 
power switch 30-3. 

[0055] An output liquid crystal display 30-1 3 may also 
be coupled to the processor 30-1 . The display 30-1 3 is 
30 intended to provide a status information for the user or 
operator. 

[0056] Line 30-1 5, which is coupled to input E2 of the 
processor 30-1, enables the processor 30-1 to monitor 
ultrasonic drive current detected at the output of the net- 

35 work 30-4. This line includes a root means square 
(RMS) to DC converter 30-1 5a. 
[0057] An oscillator output voltage is sensed at input 
E3 of the processor 30-1 while an output frequency is 
sensed at A7 of the processor 30-1 . Output voltage is 

40 sensed at E1 of the processor 30-1. Output B0 of the 
processor 30-1 provides an enable signal to the power 
switch 30-3. 

[0058] Frequency control for generating output sig- 
nals from the generator 30, corresponding to a resonant 

45 frequency of the acoustic assembly 80 (carried by the 
handpiece assembly 50), is produced through the use 
of a phase lock loop which includes a phase detector 
30-6 and oscillator 30-7. The phase detector 30-6 com- 
pares the phase of the output driving current and voltage 

50 signals with an error signal obtained from the phase de- 
tector used to control the voltage controlled oscillator 
30-7 to thereby produce the desired output frequency. 
An output on a line 30-14 (input E3) from the voltage 
controlled oscillator 30-7 is a voltage which is propor- 

55 tional to the generator frequency. It is used for the pur- 
pose of monitoring to determine whether or not the fre- 
quency is within a proper operating range. The actual 
variable frequency output signal from the oscillator 30-7 
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is coupled on a line 30-8 to the processor 30-1 (input 
A7). 

[0059] FIG. 3 illustrates a block diagram of a genera- 
tor 1 30 in accordance with the present invention for use 
with the ultrasonic system 10. The generator 130 in- 
cludes phase detection circuitry 1 32 which is coupled to 
a voltage controlled oscillator 134. Elements 132 and 
134 can be implemented in a single integrated circuit, 
such as, for example, a CD4046 circuit which incorpo- 
rates a phase-lock frequency control loop. 
[0060] An output of the oscillator 1 34 on a line 1 36 
can in turn be coupled to a frequency divider 1 38. The 
divider 138 may include a plurality of flip-flop circuits 
configured as a counter to produce the frequency divider 
function. 

[0061] The divided output signal on a line 140 is pro- 
vided to a power switch 142 and to a delay feedback 
element 1 44. Further inputs to the power switch 1 42 are 
provided by a processor or supervisory control unit 146 
and power control unit 149. The control unit 146 pro- 
vides overall control for the generator 1 30. Output sig- 
nals from the power switch 1 42 are coupled by a match- 
ing network 148 to an isolation transformer 152. 
[0062] The matching network 1 48 converts an output 
square wave of the power switch 142 into a sine wave 
for driving the handpiece assembly 50. The output of the 
matching network 148, provides feedback signals via 
the RMS to DC converter 151 to the control unit 146, 
and via comparator 1 50 to the phase detection circuitry 
132. 

[0063] In a normal operational mode, the phase de- 
tection circuitry 1 32 and voltage controlled oscillator 1 34 
function with established minimum and maximum oper- 
ating frequencies. Output signals from the oscillator 1 34 
in combination with feedback signals from the output of 
the matching network 148 establish a resonant condi- 
tion at the output acoustic assembly of the handpiece 
assembly 50. 

[0064] Under certain circumstances, control provided 
by the phase detection circuitry 132 and voltage control 
oscillator 134 may not be sufficient to respond to a 
changing environment. For example, voltage and fre- 
quency changes occur with both heating and variations 
in the characteristics of ultrasonic components. As a re- 
sult, minimum and maximum frequencies may vary. 
[0065] Physically longer ultrasonic systems, which 
may include larger numbers of half wave length sec- 
tions, are susceptible to the presence of transverse 
modes of vibration and also exhibit non-fundamental 
modes of vibration. Hence, it is desirable to impose ad- 
ditional controls on minimum and maximum permissible 
frequency values. 

[0066] In order to control transverse nodes of vibra- 
tion and non-fundamental nodes of vibration of the 
acoustic assembly, the generator 1 30 includes a control 
feedback loop 160. The control circuitry 160 includes 
detector circuitry 1 62 which is coupled to the phase de- 
tection circuitry 132. The detector circuitry 162 senses 



the presence or absence of a phase locked condition in 
the phase detection circuitry 1 32 and voltage controlled 
oscillator 134. An exemplary circuit diagram of the de- 
tector circuitry 162 is illustrated in FIG. 3A. 

s [0067] The detector circuitry 162, on a line 164 pro- 
vides an indication of the presence or absence of phase 
lock to a feedback processor unit 166, such as, for ex- 
ample, a programmable digital processor It will be un- 
derstood that a variety of programmable processors 

10 could be used to process the signals on the line 164 
without departing from the spirit and scope of the 
present invention. The processor unit 166 could also be 
incorporated into the processor 146 (indicated by a line 
166a). Alternately, the processor unit 166 could be im- 

'5 plemented as a hard wired logic system. 

[0068] The processor unit 166 has two output ports 
1 68a and 1 68b. The output port 1 68a may include a plu- 
rality of parallel digital data fines (for example 8 or 16 
bits) that provide digital input drive signals to a digital to 

20 analog converter 170. The converter 170 sends a volt- 
age signal on a line 172 to an input of an analog switch 
174. The analog switch 174 could be implemented as 
333A (MAXIM), for example. An exemplary circuit dia- 
gram of the converter 170 and analog switch 174 is il- 

25 lustrated in FIG. 3A. 

[0069] The second output port 1 68b of the processor 
unit 166 provides a control signal to a control input of 
the switch 1 74 for the purpose of causing the switch 1 74 
to exhibit a conducting or a non-conducting state. An 

30 output of the switch 1 74, on a line 1 76, provides an over- 
ride voltage control signal to the input port of the voltage 
controlled oscillator 1 34. The override voltage control 
signal on the line 176 overrides the signal from the 
phase detector 1 32 and provides an input to the voltage 

35 controlled oscillator 1 34 corresponding to a known de- 
sired condition. 

[0070] In one instance, where the detector circuitry 
162 indicates a loss of phase lock by the generator 1 30, 
the override control signal on the line 176 can be used 

40 to establish the last known resonant frequency exhibited 
by the system 10. Further, the processor unit 166 can 
sweep the value of the override signal on the line 176, 
starting from the last known resonant frequency, be- 
tween minimum and maximum permissible frequency 

45 values for the system so as to quickly re-establish a res- 
onant condition. 

[0071] Once resonance has been re-established, an- 
alog switch 174 assumes an open or non-conducting 
state, in response to the control signal from the output 

50 port 168b. This isolation in turn enables the phase lock 
loop system, (i.e., elements 132, 134) to resume normal 
operational control of the acoustic system. 
[0072] By incorporating processor unit 166 into the 
generator 130, tighter control can be maintained over 

55 the minimum and maximum permissible frequency val- 
ues. The processor unit 166 effectively establishes fre- 
quencies in the frequency domain which in turn minimiz- 
es voltage variation effects. 
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[0073] A communications link 166a can be provided 
between the processor unit 166 and the supervisory 
control unit 1 46. Such a link in turn makes it possible for 
an operator, via the display 1 50b and inputs 1 50c to es- 
tablish minimum and maximum frequencies, hence s 
bandwidth, for the purpose of driving acoustic systems 
with significantly different fundamental frequencies. 
This in turn makes it possible to adjust the minimum fre- 
quency so as to drive acoustic systems having greater 
thermal frequency variations. 

[0074] The processor unit 166 makes it possible to 
drive the acoustic assembly of the surgical system 10 
at a predetermined fixed frequency so as to measure a 
non -resonant transducer assembly property. These 
properties would include, for example, impedance char- 
acteristics of end effectors 88. 
[0075] The generator 1 30 is also capable of providing 
immediate reductions in longitudinal motion of the 
acoustical assembly of the surgical system 1 0 where de- 
sired, by altering the voltage input on the line 1 76 to the 
voltage controlled oscillator 134. The voltage on the line 
176 can be altered so as to purposely drive the acoustic 
assembly into a non-resonant condition thereby produc- 
ing an immediate reduction in motion of the end effector 
88. 

[0076] Additional advantages provided by the gener- 
ator 130 include reduction of the time necessary to es- 
tablish a resonant condition due to being able to impose 
greater control over a minimum and maximum frequen- 
cy variations. Recovery time to a resonant condition is 
reduced by being able to retrieve the frequency associ- 
ated with a recent successful resonant condition from 
storage. The stored value, representative of resonant 
frequency, can in turn be used as a starting point for pur- 
poses of varying drive frequency to the system while 
searching for an acceptable resonant condition. 
[0077] Output voltage from the digital to analog con- 
verter 1 70 can also be used for the purpose of identifying 
acoustic systems with unique resonance profiles. This 
can be carried out by driving the converter 170 as a pro- 
grammable frequency generator. Finally, the same op- 
erational characteristics can be used for evaluating the 
performance of acoustical systems. 
[0078] FIGS. 4A and B are a schematic diagram of 
various components of the generator 1 30. As illustrated 
in FIG. 4A, the phase lock loop system, elements 132, 
1 34 can be implemented by means of a 4046 integrated 
circuit. Frequency divider circuitry 138 can be imple- 
mented as two series coupled D-type flip-flop circuits. 
[0079] Power switch control 142 (see FIG. 4B) incor- 
porates an IR2110 field effect switches Q5, Q6 which in 
turn are coupled to the matching network 148. The net- 
work 148 incorporates an LC filter for converting pulses 
from the power switch to a sine wave-like output signal. 
The delay 144, as illustrated in FIG. 4A, can be imple- 
mented by means of a monostable multivibrator. Feed- 
back is also provided via comparator 150, illustrated in 
FIG. 4B as an LM339 integrated circuit. 



[0080] Input to the lock detection circuitry 162 can be 
obtained from a phase pulse output line, such as pin 1 
of the 4046 integrated circuit on line 163. Output voltag- 
es from the control loop 1 60, on the line 1 76 can be cou- 
pled to the voltage input port, pin 9 of the 4046 integrated 
circuit. 

[0081 ] Microprocessor 1 46 could be implemented us- 
ing a Motorola type 68HC11 programmable microproc- 
essor. Other types of microprocessors can be incorpo- 
rated without departing from the spirit and scope of the 
present invention. 

[0082] FIG. 5 illustrates a flow diagram of a method 
of controlling the acoustic assembly of the surgical sys- 
tem so as to detect abnormal operational conditions and 
return to a resonant condition. In an initial step 200, a 
transducer frequency range specified by F min and F max 
is established and stored. In a step 202 supervisory cir- 
cuitry 160 can be used to establish an initial input volt- 
age value for the voltage controlled oscillator 134. In a 
step 204, the oscillator 1 34 produces the desired fre- 
quency which is in turn coupled to the acoustic assembly 
of the surgical system. 

[0083] In a step 206, the control circuitry 160 deter- 
mines whether or not the acoustic assembly 50 is being 
operated in a resonant condition. If so, in a step 208 the 
control circuitry 160 is decoupled. In a step 210, a rep- 
resentation of the current resonant frequency FRES is 
stored and the phase lock loop system 132, 1 34 com- 
mences control of the output to the acoustic assembly. 
[0084] In a step 212, the circuitry 160 continues to 
monitor the presence or absence of a resonant condi- 
tion. If the phase lock loop system 132, 134 has failed 
to maintain a resonant condition in a step 214, the most 
recently stored representation of a resonant frequency 
FRES can be retrieved from a storage element by the 
processor unit 166 and then used in step 202 to estab- 
lish a new input to the voltage controlled oscillator 1 34 
for the purpose of re-establishing resonance. That input 
can then be swept between the minimum and maximum 
permissible frequency values if need be to find a new 
resonant condition. 

[0085] In the event that resonance is not initially 
achieved in step 206, the input voltage value to the volt- 
age controlled oscillator 134 can be adjusted in a step 
216. In a step 218 the adjusted value can be checked 
to determine that it is still within the acceptable range 
between minimum and maximum preset frequency val- 
ues. If so, it can then can be used to generate a new 
output frequency in the step 204. In the event that res- 
onance cannot be achieved within the preset bandwidth, 
an error condition can be indicated at a step 220. 
[0086] From the foregoing, it will be observed that nu- 
merous variations and modifications may be effected 
without departing from the spirit and scope of the inven- 
tion. It is to be understood that no limitation with respect 
to the specific apparatus illustrated herein is intended 
or should be inferred. It is, of course, intended to cover 
by the appended claims all such modifications as fall 



75 



20 



25 



30 



35 



40 



45 



SO 



8 



15 



EP 1 025 806 A1 



16 



within the scope of the claims. 



Claims 



The system as in claim 2 wherein the control circuit 
includes a digital-to-analog converter coupled be- 
tween the input port and a phase output to the os- 
cillator. 



15 



1. An ultrasonic surgical device comprising: 8. 

a transducer assembly adapted to vibrate at an 
ultrasonic frequency in response to electrical 
energy, 10 9. 

circuitry generating an output signal having a 
desired frequency to drive the transducer as- 
sembly at a resonant condition, the circuitry 
providing a resonant condition restoring signal 
to the transducer assembly in response to de- 
tecting a non- resonant condition of the trans- 
ducer assembly, the resonant condition restor- 
ing signal including a most recently stored res- 
onant frequency; 

a transmission rod having a first end and a sec- 20 
ond end, the transmission rod being adapted to 
receive the ultrasonic vibration from the trans- 
ducer assembly and to transmit the ultrasonic 
vibrations from the first end to the second end 
of the transmission rod; and 2s 
an end effector having a first end and a second 
end, the end effector being adapted to receive 
the ultrasonic vibrations from the transmission 
rod and to transmit the vibrations from the first 
end to the second end of the end effector, the 30 
first end of the end effector being coupled to the 
second end of the transmission rod. 



The system as in claim 7 wherein the control circuit 
includes a storage element wherein a representa- 
tion of a resonant frequency is stored. 

The system as in claim 7 wherein the control circuit 
includes a storage element for storing maximum 
and minimum operational frequency values. 



10. The system as in claim 7 wherein the control circuit 
includes a storage element for storing a preselected 
bandwidth parameter. 



2. An ultrasonic system comprising; 

a variable frequency, closed loop, oscillator 35 
with an input port and an output port wherein an out- 
put signal is generated at the output port in re- 
sponse to an applied electrical signal at the input 
port. 

40 

3. The system as in claim 2 wherein the control circuit 
includes a controller unit with an input port coupled 
to the sensing circuitry. 



4. The system as in claim 3 wherein the controller unit 
includes a programmable digital processor. 



5. The system as in claim 3 wherein the controller unit 
includes first and second output ports wherein one 

of the controller output ports is coupled to a digital- so 
to-analog converter with an analog output coupled 
to the input port. 

6. The system as in claim 5 wherein the control circuit 
includes a solid state isolation switch coupled be- 55 
tween the analog output and the input port with a 
switch control line coupled to the other output port 

of the controller unit. 
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